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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an AFM(Atomic 
Force Microscope) data storage system equipped with a 
tracking servo system, which is capable of maintaining a 
stylus on a track in a very small distance. 

SOLUTION: Groups of three timing or tracking lines 70, 
71 and 72 are formed, groups 50, 51, 52 and 53 are 
separated from one another in the circumferential 
direction of a disk 10, and surface irregular parts for 
forming machine readable information are dispersed. Data 
tracks 60, 61 and 62 and the groups of tracking lines 
separated in the circumferential direction are grouped 
in zones separated on a disk in its radial direction. 
The tracking lines 70 and 72 are non-radial lines. By 
using another group of in identification mark 80 related 
to each data zone, a timing gate possible for detecting 
tracking lines is started. By using comparison between 
time for tracking line detection interval and specified 
target time, an actuator is controlled. 
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3 0. pp. 9 30-9 3 3(ciaSSLT('>-l>J:d{c. 7t 
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HSJi:. *ll#flP^5 3 4 5 8 1 5^t,zim^ixX\<^ 
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[0006] AFM>-XT--i»!.±MmraOiifff;i:l^o* 

mU. I BMcO*[I#Wll.m 5 5 3 7 3 7 2^(cEiJ§ 
fcT ' -I. J; 0 =5rx- ^ fe«^S(cJ£31 5 itT t ^ -S. . ^ £0 

7 ^^.A^Iifi^EBfcSM LT I ^ i: S IC . r?- >f 7 x ar 

c7)#jfe(C*3V%-r{±, C h u i fl!l*< r I m p r o V e d 
Canti level- s for AFM Therm 
omechanicalData Storagej^ 
Proceedings of Solid — Stat 
e Sensor and Actuator Wor 
kshop. Hi Iton Head, SC, 1996 
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X'jiz. ^a^ai^vrjy • ^>'^i^j<-{.zmiRmi:Z7tx'y 

[00 07] ttz. AFMT"-^ie'ISi-^X-r-i:«2r±fa* 
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m^zLx. tirzLx9< yx^mwmmzw^m^^^ 

^ yxumA^commtzmmi-. mmi^zmmmzmm-t^s. 

zt^<. mm h ^^-P'v 7 ^ cry^^wm'^zmtt-fh. 7. 

y y^mw<Dmm^z-|^^imLx%1^^ixx\>■^x . 
x94y 7^tm{^<r>mmi^zm^WM l t V'.^- < t ^ , 7 

r yfjV'7-)lx^ifzinfm.MMmi-^. 7 r >-r 
/l-y— ;l-7v-*j(i:^ < 77,*<7 r >T/i r7-j\^7.f) arte 

LW^^-<miithtX\ y^iS' ^ y7..^mM<7)mm^[^i1r 



-t*/7 7^(.C3i|!r1L. 1^:tti-f€.. C:<?):?'f7'<7)AFMr 
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Force Microscope — force M 
a p p i n g and Profiling on a 

Sub 100- A Scalej.J.Appl. 
Phys. . Vol. 61. No. 10. 1 9 8 7^5 
;3 15B. pp. 4 7 23-47 29(Cfei5LTI.-.5ct 
5 , A F MtfO r g [i^ qe- H J So"V \fz t SOT-.tv, I) = 
[ 0 0 0 S ] A FMT-^'K1S>'7.f-Ac7)Pn1lic7j — >{i 

-f 7 7.(?3(5Sf^y5 2r -9-- ;K*ilfW^ fziblzmm 

i03|4[l#ftP.II5 5 3 7 3 7 2-f-(-CfS«)c$ilT t >.|> tco 
COX 0 ^A F Mr— :?ie'lg>7.-r^(C*JV»X . T"'-:?^- 
S{±K!5t5i7DCD-ROMv-;^-rAc7)i,cr)c01 OOfgi^i: 
ll^cOr— rJ' ■ 7 -f— f-v^Tttiv— j?!.±5 0 nm 

ss<7^'j^$ $ TS) 0 , Or- ^ • 1- ^ V 7 comma 

1 0 0 nmlca^r^V^. A F Mr- rJ'ieif. 7. -r^c7)h 
7 -y ^ >-7'" ■ Hf-'1t'c7)— OO:^' ^ 7'ti: , M ami n ffi*' 
•"High- density Data Storag 
e Using Proximal Probe Te 
chniquesj^ IBM J. Res. Devel 
op. ,Vol. 39. No. 6, 1995^11.^, 
pp. 6S 7 -6 SBtciSgjLTV^I. J;')(c, ^m3k 
tc*>ft«.-b ^7 • • v-7 h.WML/i , r-^' • 

h 7 •/ 7 CO 4"i:^fSOMBijtcida$ ^l/c3l^ U r * -y 
7';U (wobble) J V— 7tCS-CiV>:it4j<7jT-$).|>. L*^L 
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y^wm.f:zmt-xmmi^z^m-th y y ^>-^- • x^- 

[0009] 
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[00 10] 

(cSo'< h7"/^>'7' - -^-tK • >-7f i-$rji7_7^>:AF 
Mr-^'!e«'>;^-r/.-r'*>5. mMMmT^ X7*:fi;i 

Tv».i,r <x9m9mm.x'<7mt^crmmxziiux. 9^ 

5 >• 7"=S: V ^ t h 7 -y ^ >- 7' • 7 y {5 3 ^-ffl-C'KM $ 

^ilTtoO . ?SM^I^r-^ • y ^-^^iWi^LXv^ 
I. .^iPf M|iJSP*^"Hiit L -C ^ S . r - • h 7 y 7 St''' 
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I. . \-v y^^y9' ■ v-\ > cO«-ffi(i:->-^: < i: 4> 2 *i7) 7 

'9. -cixst- T-^ ■ hy y tmnim^m^x'^s. 

/ciSiS'J ( I D ) -7- 7 2: ffiffl LT : 'e<7)»]iil4'(c h 7 «y 
Pb1<0 y ^ >mmM^. y^ yt^K). 2 :^Mm<0 y -f 

yi^ti-m 1 <7-)tm^.y^ ycommt'^'pm^Ti^mni^^y 

-f ^^f, RX/m2cr)ttm^.y-( ytX<r)mHi<rMrSi: 

^"^yv^h, 2 oion^rBWt^s-f^ffl Lt TE s 

[00111 • . ■ 
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[ 0 0 1 2 } li 1 (Ci5 V . ieit!!«#ti P3.ff5<?)7-' < X 

1 0 T'ft ^ t *^iT^.-L K , fcii § ^ ^:fi-J£-C' 
?fM-c- & ^ ib tfo-C'S) «. . f^y^pio fi't- 'J ^ .X ^ 

:^"JU-h..(PMMA) . df'j7;?-.if:t>-h^-i:'«D--K'J 

v«f4. h^vwjf^mmimA 9 4 s 7 0 3-f-(=iefi$ 

AW^ Ll\ T-^ X-^' 1 0c7)±®(cCi. fSffi^ffilijaP 1 

T-:S' "- '-7-7'5:<. >L 7 '^-^^hV^'3}S^t^|.fA^• 
"r-^ ■ hy y^mmi^riXv-i.. x>-;K:7.$n/i:^- 



-9 ■ hyy i^itf^ P^^±X'^'ii1o\^lcmmVXio 

h^o lCSil<r £7)|5]'C-n ]- 7 -y LTfJfJ^ L T 1> . hh 
V >i±a >vt:7 b • x x^ (CD) o:>±mUz^^-^h 
0 (Ci6f«<7; h -> •/ i: L TffM LT 4j*>i b=5:i- >. h 

[00 13] 'f'iXP 1 \A<r>y^\^y\^)VjsL 
^xz^m.m)h^itxv^h . =f^y^9 1 o{±=e-;5' • xb- 

y F/KcStt^ixT . ^-^ 1 4(.cJ: D -1«=5r3lKT-[lI 

HHn^^'Wca^'iil. J: '3 (c. r -r 1 OUeSj^*^^ 
ix-S. ^ft(*:2 0(CKlO#ft^>-fx?t, 7s ^-Y 7^19*: 

fffi ;t r V ^ ^ ii;Mff:JK >-+^ 1 s *5r -f x ^ ±:^(cf4ai* . 
J6 $ iiT V > ^ . S» * 2 0 (i T 7 f - - 2 2 (c tr^i 
^i-c-CV^S. Ti?^AX-:^2 2(i3tf -f-^^-^CDr 
u- ■vr-.S. ^5^x^ J: 3 ti%mm ^ixhjf-^ y.a^ /u ■ 

:J'^riOT7f-jrX-rJ'Tft|,. T7f-J.i-^'2 2Ji 
ii::^=SrWCfp^o.Tfm-r-5>- 1 1 . x -f 1 0 (C¥^t 

cfj.i:,*. ^>#g:;^r6)-^«o iiC7)X-h-^x. xi?-^ yy.^ m^^ 
■ Yy-/'^l.znLX{m^»^-ti>:Lt^-simt 
•thii^cox-hh, 

m^^ii^h-^^m/Xv^hrnhmikcOii y f- • T 
— A2 3^••^^T>">i.,. ;*y^U/'^- • T-A2:3tC{i 

■ri> . ^ J; '3 ^^mmt^mmm 5 3 4 5 s -i 5 

fcAi-C-t^.. JiV^X:^''f 7X 1 9JiX?>f-^^N-,- r- 
A2 3i7ja^SSP(cEg$iiTV^I.c Xr^^^xi 9Ji 

leti-f -f X ^ 1 0 ^mm t mmt ^ i -5 (cGEi^<<6 s n 
x^-^t. y.^ yy.UTyj^^mnLx\r-^?>(7)x\ -r'^y^ 
ii^crmmh^^'yy < izmvtti: f^y^^ 1 Qtm^ 

mi l^tz'cr-X^-^Ktz-jixX. ^/tyi-UJ<- ■ T-A 

23f/±Tth. 
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L-/<- • 7'-A2 3 Jic73fxy'ffifA0M2 4 c^jJtfitAS^ 
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$>^. S)l>V->fi. T-^' • 7 -f-^-vO^J^Sar^SfiS 

-f — f--^ 4 0 cT) 3 -iia^/lNiO 1, c7)(5li*''T^ 5 0 n n-i T-J) 
FiBmAtX\ B-mf^x^l 0<^)^'C'i:^'L-'tt^ 

(i 3 *«7ji|ig:fi-rS]CcP^jg L /sSc*HfvCOx- ^ • N 7 

6 0-62cr)mmtLX^^$ixX^^^. "f-S ■ h7y 
6 0 . 6 2 tif -^^ • hyv9 omm^^mz^W. 

[0019] Ift^ Lw>Xific7)}fMtc^3HT . f-tX^li 

im.m-mT ^ x^'xh^^ 7-'-^ • 7^— ^--rs.t.'^-riT) 

m<r>'?-^'ii-?x^ ■ "r^ x-plizm^^tixxt-'h. I£ 
mrf ^ X9l,ZX.yiY:x^iXh. Terr i s {fcA^; r N.a 
noscale Replication for S 
canning Probe Data Storag 
ej.Appl. Phys. Lett. ,Vol. 6 
9, No. 27. 1 9 96^1 2.^ 30B. pp. 42 
6 2-4 2 6 4(C|eiSSiXTV^|,J:'5t'tT, PMMA 

hx-im^ixfzmiti^') ^ y±-'^<n9.T^-j^m 

LJt:L'i''XFi7)K3tf*(c. m^fi^tixtzT--$' ■ f^f- 
y^v-i^xh coiS-W=5rilfSSUf y f - >'^^tc i -3 T . © 
fb> Uny'vteiM-T'i). fc-SVMi, '7X^^:KU'7 ■ 

X91.Z-7- y z:im-ri> A F M f- -x r^mm ixim-t- 

hZti^X^^iji. ::iti>±iei7)Te r r i sffiiOASR 

[0020] mmT-mwi^^^<:}''-yi<PMX\ 

itm4 94 87 0 3#(Cie«§ilTV^|,J:3tcLT. 
m^-t^. wi?D7 -f ;I.-AtfOffMBUtC. V7.^'(Cr-=E/l^7 

r>?.T b F e C o^:k'£7)^lffJ*m^(rr^ , I&ISt -f .7- 
iOflW* ffM-r ;*'7 xa« 'J -7jf .Klcff LttJt 
^ . 7 -f j\^M?:^n-mX'i^^Lxm.^ * -li-. iE^b-it U V 

0 #( t a * , '^X^^t'r^X^ ^ ^^Se $ it 

#).S.V>(j:. Choufili*^ r I mp r i n t Lit 
hography with 25 — Nanomete 
r Resolutionj, Science, Vo 
1 . 275 , 1 9 9 65F4^ 5B. P P • S 5-8 7(- 
ieCiLTv^l. ± 0 (C, Mt±;«cj:0. iTttiSQSJiLT-c 
PMMA 7 '^^•2^^c■7::?.:^'rffL Wt?.*^L•C, v— 7 
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■f. i5l)<'^li. Mam i nA^ TThe rma 1 Wr i 
ting Using a Heated Atomi 
c Force Microscope Tipj,A 
PPl. Phys. Lett. .Vol. 69, No. 

3. 1 9 96^7^155. PP. 433-435(Cie 

( 0 0 2 1 ] 0 3 r se#B3-r ht, m2 crm^rs<oT^m 

• 7^ yifihy'v^y-/ • >-ffl50, 5 1. 5 2. 

$ ) 5 0 n m. itl^>' 1 0 0 n mOmv^WX'h 0 . ±3i> 

3{Ch7y^60, 6 1. 6 2 t LTBSJn§ixTi.''l.f9T 

y < yl,±3^imziflV~y'Wf^iX. 33txffiSrJtML 
TV^S. ?i5 0C07'f>'7 l^t'cO^B^sac^ifi^cOv 
^>'\t^^X9\ OO^gtJSH'^-^tTV^^. mtf')2 

^iO^'f y (135 027)7 0 . 7 2 ) C75.-g./7iict:5^^>f >- 

7UCWLT2 2. S^con^^rz^ML. y-^ym± 
*^'3cll L 'Sr V ^ i 3 $iiTVi2>. ::n'ico2* 

co^'f >'7 0 . 7 2ti:^#l.4Sc. I^WI^JicSW^c^-^ VT' 
3*115 0. 5 Hihy ■■/■:7ljmi'Z-ili'oX:5.^Hz 

-miz^m^ixxt-i^o. ^ xi^^mizmt^iL^Jx. ^ 

T *5 . -- zx?) 3 :^mcO y -f >- A^li^tt-T § 3 7 -^^ 

A^'S) ■?> ^ i: mj if * L- V ^^5l<^ff5.^.(ci5 

{4.-- 5 mincO^I|gil@St.f 3 0 ^^>nycry^m^^:ff^ 
ftStCiol^T. 3 0 0*iOb^ y^';9ffO. 15^ay<?5 
• h'-y-J-l,zmm.^ixX^-^^. ZC7:)X'j^j:^miZ 
000m<r>3:^m^7KiX^:ibtf^X'^?>:f}K « 

mm^Kcmm ^ m^^i-z thx-^i,. 3 

3*jfli7.)|^(cii. f^iriJi'. Fl^tg-rS3*jI5 0. 5 1 
iOffl{CEffl§ZX^- h 7 y 6 0 - 6 2<r>=f-^ ■ 7 -f - 
'f-^r4 0X•■7r:^iXhX'J^: 'r-9 ■ 7>f— ?-^*<a*' 

[00 2 2] $ .'oJC. v-iOi?^ Ll.^lflti3*aT$) 
7^ >-A«2*L*>^». '*f-^{-4j*^Bf!{i^-^(cii 

c<n3£0 9*>ij'^^-< t ^,\m^^mmx'hhzt^^ 



^tth. 3*ffl;^7^>'7 0. 7 1. 7 2(:iJl^T. 

7 -f >• 7 1 {4 n V ST. M± r /: I. O t (r)X'h 
■!>. ^^y^y\i3^-<r)y-^yif9^ ■ y—h^^ 

X'^,^^ixfzz.h. Rv<mi<yiy-^yiotm3<r>y^ 

yl 2ti'^^y-iyl l:<)^f':>^raPlT-^>^.I ■/ 

7 0 7 2 /:iltX-*) -? T L cfc V •' . 
[00231 ^^JSrtT'. h 7 y • y^yc^)Wk 

If^-S . -^-^iz-r^^x . ^JsSstS'i. (ID) -7-7 8 
0 h^^t'-AizX-iXm^ih^il. X9i:ZX.yjti 
x^ixx^-^h. Ztic^cT)! D-7-9im^^ixtzi%^ 

IZ , 3 ^ffli?) 3 *, tVj^l^ ^ 7. ^ 7 7. 2 3 A'S!;^© 

xy^hm^z^mi-^fzibizm^^ixh. tfz, id-? 

-7{43*$Itf')aa^*-r7t:«6ic. 7-'3-:^''2 7 tcj: 
Tl2itli$ilS. 33|s:a(7)PBWBi|iiA*»a-r-^5&*»^>. R 

m-fi}M(rj-t^<x CO 3 *Jic7){aB &i'!ix-^ h , c crMt# 
SrfSfflLT. liJ.T-CliiB^-r-5.J:3tC;. -f 5 >-7-MPt<C 

^-^m^commx-m^^LfzWimmT^ x'p{,zMtx. * 

r -f 7. 9mm^mzmm-th zthx-t^, z <^mm<r> 
mmizti^^x. s.y9' ■ y^ >'i4±ie«fE'if.siSftv(c 

:x.yiif.x'^ixX\^hi)K 7-'—9 ■ 7 -r -f^vl-sxyrtiA 
^ilTV^^rV^, h7 y :7F*>liOT=— ^ • 7 -f — f-A-tiX:? 

7 7.<c J: o T 7-' -f X ;? ^itl^ 1= 3iiil^ t CJT'S) 
0. ZiXlZ-yVXtiM am in, fThe r.rna 1 W 
riting Using a Heated Ato 
mic Force Microscope Tl 
PJ.Appl. Phys. Lett. .Vol. 6 
9. No. 3 4 9 9.6^7^ 1-50. PP. 433,- 

4 3 5^ciei^$i^t:^^&. 

[0 024 ] I14{4^J|59 0l^c0 33tci0^^^7-'-^ • 
h7x76 0. 6 2(Cfc(t'5>T'3 — :J'-2 7i0it) 

il^OBgdfJj 5, . hy 6 0i:i]-y-y9ei c^^ijifl:^ 
lS]?l-:^tcBeS$itT 0 . h 7 y 7 6 1 {4 h 7 >y 6 2 
i0^t^Ui^^\-1jlzi^m^ixX\<^^ . h 5 -y 7 6 1 //^M 
•r4h7"/7-C-S>-2.**-^. im(rj>3^m (50) 
7 -y 91f\^izr^-yfz y^y no. 71. 72) iOPalU 
lihy -.' 9 60 X'(^)1jW ]- 7 y 6 1 tc*5tt •?> i O J: '5 

t /£< ^-i. . isimtc. 7 ymmu h 7 -y ^ 6 2 tv^:^ 

h 7 -y ^' 6 1 *7^>:(4 6 0.lc*3(t S o t>a)^ < 

-i.. ^it«^. 3*jfii*5<^23(s:«7j^mf. nnmny-i> 

(tzbtif. 3*^5 OF^IiO^-^ y-O. 7 2) ^7)^(7; 
b#PbTb1I1{4, x9-(yxi 9Jj<h y y 9±lzhi>fj't' o 
*»*:W.^tt, a^OT.^'f 77, 1-9 5- h7 -y ;?±(c*ft»-f 

- h fi-f - S: * LT 0 , - ^(i#l4 h 7 y fJf y^'" • 7 
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My ^''■5j-1?f Sff^ 2 9 (HI) f\/J] ^ixh. 9 My 
7 ■ f-Vt;^iM <c^:o/:^f^(c1^lli$il7t,^ 1 fOt'-;? 

Cl<7;t'-^ti3*ffl5 0rti07-^ >-7 0(-J;-^T 

* 5 y f-tB.tl^Ntei^-r .g. 7 y f- 1 0 2 r ffiS tT t^tij 
$ il-g. o ^ y f- 1 0 2 t7)ai.-t] (did 5 T- f - 1 1 1- ^ '3 
Oft ^ilTV ^ . t!? 1^ > ^' ASt/' B tiff ±-r ^ ^ 
T't^gj!! L 7t :? n •/ • -^^ ^'/Hlic^-teS*-rs , * >- 

(i^i^i3D$-ti-^^'>>-i- ■ r-y^m-i., mm^ti 

\^—P 1 ^^LTV>i>7-yf-l 0 4*^mLT^:i±5$a 
l>. 3*tI5 0£05^' >-? 1 (c^^^L:■L/^c^2^0b-:? 
(t— ^2) tciol, *'>>':?Btij£te$il-g>t i: 

Tb'-^ 2 LT V >§ 5 ^y^ 1 0 6 arfSfflLTl^^til^ 
ixl.. 3*M5 0<7J7-^ >-7 2{cS^ic:-L^cm3cOf-;? 
(b--^3) tCfeV-^T. j:^'t7>-^ARr/B{ii^:frfc t# 

X . i ixl±'Jy^^< .h i> 1 2 b' -y h X-^ h , 

[00 2 6] ;^^yiP:¥i9±Ltz'<k, fj^yS^o^n^ 
^M'^-h. fESJ^fc^, 3*iil^c033fj£Oh7 y^>':J'' 

• >7 0-7 2n*^rBlPit'*l.*i^, diltiOt'ife 

. z. iv/;<m xi^ihtf't'o *^sr ¥'j5E-r 1. mm^xifWi 

(i. ;{?'>>':7Bc7)b' y h • ^'f >'2r 1 2b' y htfOORy 
- M 1 0 {=0=5: i f S . 12 b' •/ h-t^X *«0 

vm&f^v^ yf^<7^wt^f^izi->-ft^^ji^x^^h 

X'h S , ;^^y:^Bf/Ot m^FM^ o T C >: ^ 
ttS•rl.(7):<;^Sf. Ia-k ^i'diORy-h 1 1 OF^-C't;/ 
•^-^ B50 1 0 i fvTla 1 1 iliO^ifib" y h /i(tr Jt«c 
thZtizX-^Xm^-^iX^h, ORy-M 1 OiOtb^ 

[0027] h 5 -y =Jr y^lS^ft-f ( T E S ) ar^jSI" 



(i^t LTb'-:?3r^rLtt^^7-yf-l 1 2SrSfflL- 
-C. ^4cOb'-i? (b--i74) *:JSLai-r. MiSitJR 

;l.tcMo^.:>: §:(c. b--::?4i0fl-^U '</Ki;o— v^r 

(c. OR^-hl 1 0<r>\y^)lt'C-7 A<r)U^)icrm 

Zixh:n>3'0cr)m'^^mtz^:z''^tK ^l£7v,t)^^ 
-T'&ANDy-hl I Ai\^mL-Xmfe.^iXh. AND 
y-h 1 1 4i7)yW!ii:tH4*fj^^' 'f Syrf^SJlJEzrlS 

C 0 0 2 S ] ^co A N D y- h 1 14 COiliJjtiTE S r 
Sfrt" -5. ^^-yiVit^Xh W.I mfW. 3<r)\^—9 
( 3*ffl5 OtfO^'f >-7 0a?/7 2(cMJ£t--2. ) <r>fSi<r> 

-a^^—f.y i^fai.±E PROM 1 1 btsi''c<r»v y 9 T -J 
T- 7—7'H'A^^mm^ix^, #7="-^ • h^-y^eo^ 
@:^f6]fiLE{iEPROM 1 1 6 icmm^ixX '.■^h^ -y 
•y I- ll'J*- L-C . y )- fit * VjJ' AOPbIct) 

H^^T'^f i^^'/U'TEST'fjO, DAC 1 2 OtCioTT 
■^o^'-TE StcMM$jX- b7 y^y7W0PIIlS^3 1 

(HI ) izKij^ix^. mm&'=}^£mmm.^m^2:mmL 

X. hyv^y^'mmm^S HiT9i-^:^-9 2 2^ 
%m) LX, x9-(y^l9 5:#S-ri. h 5 y i?^v|SHtT 
m)}^-^^. ANDy-M I 4:/}^n-C0^tX'h^i% 

■^izli. TES{iMfi$ix^v>. 9^ ^y^' ■ y—hi< 

-^ar'lto, .t)i,c->«. H-7 -y ^ >i7'|iJW[H]if§ 3 1 a: D A 
C 1 2 OS-'^-Si: L^v-^^t^^T-f v'^J'/l' • Ui^No- 

hfz^<:Z\,i. , o y igitl3c f {i* y:?' A//i:'c: {c h 

I- 9 .y 7 2: ESiJf-^ X 3 <7)T-4-lti-U±'^c 'p^t 
if ^ L V *5l<^T. b'-yh (l2l3cOv'-74 
0 ) <r>^m.f5\^(r)mi,t 5 0 n m-C'*> 9 , ^ixWi. X-? ^ 
y y.amixif^WM t =S: !> Wn.Xh hV^y-v^T^ cjiTI 
t 5 0 n m TJi'S . X:? h 7 y :?<7)4i/|:.|?,;{)»'3 

T„/'2*I{C^-|. -X^'-'f 7X<55m*\ L^:*«-^T 

iznth^^yy^Acom-^iomi^imii'y^'K ti>5;^^ 

yhX'hh, m6ii2^(DfM^-r^h^-y9 60. 6 1 
(Iio!tl> 2oc7jb'-y h • )K9 — y<^M<^^^^<^)h y ■/ 
^yy' ■ y-^ yl 0^ 7K 7 2$rii^f-. h7-y :?(Sh 
7 -y • b' -y f-T, {I J; o T gsH tt > -5. <. b' y h ifgT, 
iWMS>/j'y y^Affiimmi.-^ 9^y xt<^W] L 2 
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A r = 2 Ax/t an ( 2 2 . 5 ) 
[00 30] T,*^'5 0 n mt-S>-&%^. mm2 A x 

50/tan(22. 5)='1.20nm 

[003 1] Aizji.-oxmM^ivhmmmi. 

C:<7>li^. 1 2 0 f /vi:^l>. /c/iL, vtil-^-y^ 

f=5v/120=(5X0. 1)/(120X1 
0-s) =4. 2MHz- 

[0032] 1 h 7 y ^ Sri-J^cT) h 7 7 i ESiJ-f-S 

t}-^y \- \z h h nm.o:>r^mt^ts:mxi.xt£ 4 ^ v> . iie^o 

J:3t4. 2MH zcO:?n-y:J'2:f5ML/>:*^-^. 100 
n m<73 Tp J; -? T h 7 y :7 ISIT- 5 >' ]- CO* "^z y 

=7 y 9 (fy^'imz bHiL^ m-flti^m^ixh ^ i: i: =3: 

[00 331 07 ^#Bi-r-s t.'-^-i ivy ■ y<r> 

m<7MC) ij (T^ij^^s $ ixT t > ^ . i'HRiJi7J 2 ^ > 7 
0' , 7 2' (iliJar-r-f ;^^tfO*fl{cffi-5T§^LTO 
't'rBlW?^ >-7 1 ' {±mW'505-f VCOV.-ftLi: 

iiTt^fiftiftt^-^ yx'$,^.-zer>mner)mmtzi3\^x . 
ti 'yy^ AmfBiim i<7:>\::-9<rM^mzm%^fMh 

7!7'>y:J'A{im2c7)b-i7£7)1^ajf*(cffitL. ^^n? 
:^^B\i'm3<r>\;-9<r)i».^rMzW±th . te Si.i;<7 

•> >- A t y :^ B O J: t "C- ?j -5> 11 7 A^i,- ;(,^ ^ J; 3 

(c. .Xij'-f 7x##il5co^'l-^l*^'^l^^l^II^I:^)•''J•cfl^l)•r 
mz^i,m^.^ z<rmiJEmizix2iz^i. TEst^ 

mtf'iS^y^'- y-^ yX-mit I f^ 2-0(^)B^m:r,ttX'h 
hi)^h. T E S { i f : -f X i: te^f^ T'$) ^ . H 6 .Sl 
t^ll? (2^nL/"t J; 5.=5r:S'-^ 5 y^ • >-<50S'5rSffl(5O 
=§■ ^ ic(i. -y^j: < 1 1 2 *C7) y y-ifh 0 . d-^^-K h ^> 
^ <5iO 1 ^iir-:? • I- 7 y ^ coijf^ 

:^mx'^&tmmmy-( yx'hi>. ■■■ ■ 

C 0 0 3 4 ]■ 4 1 LT . ^^B^c;Mmzm LXU).T 

[0035] (1 ) mit<7^mm L t-Vy -^-y hzWi^ $ ix 

Jgt ^ iiT I •' S T - ^ K'I«.«S T- ct) T , I^IR m h .+* / 7 
7 >f;i I- 7 -y 2r "C WS hy-i y<mm.<rm. 2r ^ 



D , 7 y(7):g.a;^)v:i---t^ < 1 1> 2 ^^7) 7 y 

AT'^o , -t- i?) ^ *><7).;i,-^ < <: t. 1 3(5:// h 7 'y i7):^fS] 

■r-:?feis.mfc. i2if^f*i:jSS!)U. im.^m'^^y 

J: -} {c mJf^ttimi. -t y i: . felt > -t y^c^mz 
tsmmbi^lt^fit . -feyHf r 1> 7 >y ;?±(cji}# 

L . -t y •'^ r 1 *:<7) h 7 y ^' fiU V 7 -y '^s^iJ) $ 

-ttl.7tV?-ty-tftCjggg§ix;tT^'^j.x-:$'>:, 

^ yc7)ffl$:-^«^i:i^.ttj -b y^<7)mx^m-tiii^m^ 

^±j&-t6mth^t , mix\^.iiim'i^^)tiit!m^^'h. 

ffll^<7.)7-f yi7J#!aii7;rBV.)D$rBl$:?il5E-?--l>^ 'f S y^'Hl 

s^t- ^) o -c . mm. Lti mm - -y h H#ra t im l , 

^^iJ^Lf>:l)#rai: y hB^rBliOralOU^-*-^ h 5 -y^ 
y^' ■ x.y-m^^:i.S&-t^mS^^-tA.X''.^hiS^-( 5 y 
^mit. T::^^a.x.~^tm^^^ix.'hy y^yy ■ 
^^^^-y-mmz^^tX . -fey^?-*#a-r.|. I- y -y ^'it: 

{iimikib-t^i, hy'y^y:^'mmmsiit. mxmii:,i!^^^^ 
-I izX'^xmfS.^titzmm'^mmmt:M:^y-' i i^^t^ ■ 

r - 9 (,zmi^-t& -r- rJ' m^m^ i: ^lilrj T l, ^ 4 t- 

( 2 ) TT ^ X ;? T$) 0 , 1- 7 -y ^'-*^'{i{5'^fl:^|6] 

(caiPi L/C h 7 -y ^' t'3!> '9 , 7 -f y <7JM*^' N 7 >y ^ iOH 
J?!*[B](cMll$iXTW-.^. ±ie ( 1 ) :(-;ie8Si:7),Tn- 
■|ti^7,-fA. .. ,• . _ 

( 3 ) h 5 -y 7 tf^m Ltzimm't-iO h 7 -y J? T'S) . 
±K ( 2 ) (Cfei8c7)T-"-:5'.i21Si^XT-A.. 

{ 4 ) . h 7 -y ly'.iiHmtmiiicO h 7 -y ^.TUt)'.^ x ±12 

( 2 ) iztm<^f-iS'tEi^=yXr-J^ , 

( 5 )M1^mi}^^t -5.*fia*^"x 7 COIR 0 #(t,'b:ix 
fc^tryh'/U' • T-'f;?-.i?,*'Xb=yF;L' • 

i<7N-f A, . . • ■ . -, . 

( 6 ) 7-< yio^?i*^3*ion/^:&i*]ic|!^if L;^c7-^ y 

t^h^-iXtiO. S^(r)d-fo'P^c7)y-( yfj^f ■(y^9<r> 
^'ii±.iiZWm.^ixX\^h. ±12 ( 2 ) <c|2iJOr-^'iE 

( 7 ) y^ y(fi^m'^3^(r)V\mijmzmi^Lfzy-< y 

3*<305i^4'*«07-^ y f «j»f 4^ 7 
^yx-JiO, ■fi!ii0 2*z)''Ks^tt7-^-y-c-?>i>, ±12 

{ s ) 1^ 7 -y 9i}m-mzmmi'i-i^mz^)v-rm 

$ itr tJ 0 , b 7 7 ^' <r>^^m^^ixu W<r> 7 -f y 
W.(r>^^^/^.X'^-^i..±Xt.{ 2 ) (ci2«)c«Or-^'f21Sx 

( 9 ) f-'^X:7±c7J.«iBh'1v./7 7:.-f*i^t^|$SiJ ( I 

D ) -7-7 Sr-i-Zut'o . i?'-^ s y-9'^m^ i 

ara-^L-C. 7'f y<7)ffl*^'iea§;Ji-CV>4«liiS5r!ft5El- 
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v^a. ±ie (9) (ciaiic^T~:^EtIf-'^>TA. 

( 1 1 ) iy9^mW'?'^-/'P ^ ^ %M^cr)'7^ y<n 
d*>2*cOl^|{±l^orBlc7)^^a y^ ■'f-f :^/H52r;*^>'^ 
-rS;^?^>^:$^■^^'&^"C•^^l). ±ie ( 1 ) icietg^f- 

(12) H->WT-:^ielt*If<5<?^^lSMt*feifie^ 

(13) mM(^m!mL^^-tmm^-mm^<r)'^\^^ 

giPi L/vIt"- ^ • b ^ y :^ (ry^}^^ti: < >: i> — oco^i^ >: . 

. hy^y^crj^^mijWzmmLtzhy'y^yi^'' 
^^y<rmM>^'X:h->X. -y ^>'^' • >'^0# 
Wf'i^^ti:<hh2i!^<ry'y>{y^i5A.X'i5^ . ^o^o'h(r> 
'yt^ < h 1 7 ^-T^^ ^ h 7 ^ >' • 

V A ycTM^c^M e: * L T V ^ ^ x - ^' lait r 9 

(Ct ^ ;7.:7±i7)^B^^IIiJa5 h b ^ y ^ >'^" • ^ 

3Ifij L . Z.ix^ cT^tSM-r ^ gM>?. ^ ^ X 5: i i^^slc* 

±l:i*t»L> ;?.:5'-^^xS:l2t3:^;oh^v:7->ci^^f{!i^Oh^ 

jlX-:^>:. :^9±.cr)mMT-mmUhV'y-j^yy 

y^v-r<-mix-iktii^t . *Rni^tfcill:o^^<^lll:?:(l#5^'^ 

(14) b^-y^^'r^'SliiLJtC-JijmDcOT-'-^ • 
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